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INITIATION  OF  EXPLOSIVES  BY  EXPLODING  WIRES 

III.  Effect  of  Wire  Diameter  on  the  Initiation 
of  PETN  by  Exploding  Wires 


By  Howard  S.  Leopold 


ABSTRACT:  The  effect  of  wire  diameter  on  the  initiation  of 
PETN  by  exploding  platinum  wires  was  1 nvestigated.  A  one 
microfarad  capacitor  charged  to  2,000  volts  was  used  as  the 
energy  source  for  exploding  the  wires .  The  diameter  of  the 
wire  can  be  chosen  so  as  to  favor  time  reproducibility  of 
explosion,  reliability  of  effecting  detonation,  or  vigor  of 
the  bridgewire  output.  The  wire  with  the  most  vigorous  shock 
output  when  tested  in  air  ia  not  necessarily  the  most 
efficient  for  effecting  detonation  when  PETN  is  loaded  on 
the  wire. 
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III.  Effect  of  Wire  Diameter  on  the  Initiation  of  PETN 
by  Exploding  Wire* 


This  report  i&  Part  III  of  an  investigation  concerning  the 
initiation  of  explosives  by  exploding  wires.  The  work  was 
performed  under  Task  RUME-4E000/212-1/P00&-Q8-11  Problem  No. 

019,  Analysis  of  Explosive  Initiation. 

The  results  should  be  of  interest  to  personnel  engaged  in 
initiation  research  and  the  design  of  exploding  bridgewire 
ordnance  systems . 
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INTRODUCTION 

This  is  the  third  report  describing  experimental  results 
obtained  from  an  investigation  on  the  interaction  between  an 
exploding  bridgewire  and  explosives.  Previous  investigation*/®  * 
had  shown  that  circuit  inductance  and  resistance  should  be  kept 
to  a  minimum  for  effective  initiation  of  PETN.  Also,  that  the 
length  of  a  1— mil  diameter  platinum  wire  should  be  chosen  so  as 
to  eliminate  a  definite  current  dwell  period.  In  addition,  it 
was  found  that  secondary  current  pulses  have  little  effect  on 
whether  or  not  detonation  is  produced  in  the  PETN. 

3  4 

2.  Bennett-  ,  and  Jones  and  Gal  let  have  shown  that  there  is  an 
optimum  wire  diameter  for  producing  the  maximum  shock  in  air 
when  a  given  wire  material  is  exploded  by  a  fixed  firing  circuit 
Our  original  investigation  was  started  using  a  platinum  wire 
diameter  of  1-mil.  This  diameter  was  arbitrarily  chosen  simply 
because  it  was  known  to  explode  in  nominal  lengths  with  the 
energy  available  from  a  1-microfarad  capacitor  charged  to  2,000 
volts.  Energy  computations  based  on  the  current  and  voltage 
waveforms  showed  that  only  a  small  percentage  of  the  energy 
stored  in  the  capacitor  was  deposited  in  the  1-mil  diameter 
wire.  The  rest  of  the  energy  is  dissipated  in  extraneous 
circuit  resistance  or  left  in  the  capacitor.  This  indicated 
that  a  1-mil  diameter  might  not  represent  the  best  diameter  that 
could  be  employed.  The  present  investigation  was  concerned  with 
determining  the  effect  of  wire  diameter  and  learning  more  about 
the  conditions  that  determine  whether  or  not  detonation  develops 

ELECTRICAL  CIRCUITRY 


3.  A  typical  exploding  bridgewire  firing  circuit  consists  of  a 
one  microfarad  capacitor  charged  to  2,000  volts.  The  actual 
test  circuit  used  for  this  investigation  shown  in  Figure  1  is 
similar  to  that  used  for  previous  studies.  The  parameters  for 
the  test  circuit  are 


C  »  0.97  microfarad 

L  =  0.56  microhenry 

R  =  0.35  ohm 

V  =»  2,000  volts 
o 

Methods  used  for  the  determination  of  the  circuit  parameters 
are  given  in  references  1  and  2. 


♦References  are  given  on  page  8 
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TEST  PROCEDURE 

4.  The  shock  output  of  various  diameter  platinum  bridgewires 
was  first  determined  in  air  and  then  correlated  with  the  ability 
to  effect  detonation  in  PETN.  To  determine  the  vigor  of  the 
output  of  the  wire  explosion,  a  photographic  technique  used  by 
Bennett8  was  employed  to  observe  the  shock  wave  and  plasma 
expansion  of  the  wire.  The  wire  was  mounted  in  a  holder  as 
shown  in  Figure  2.  The  slit  image  of  a  smear  camera  was  aligned 
perpendicularly  to  the  wire.  The  image  of  the  wire  explosion 
reflected  in  a  mirror  provided  backlighting  for  the  event. 

This  makes  the  normally  non-luminous  shock  waves  visible. 
Oscillograms  were  taken  of  the  current  and  voltage  waveforms 
concurrent  with  the  smear  photograph  of  the  wire  expansion. 
Resistance,  power,  and  energy  computations  were  made  from  the 
oscillogram  readings. 

5.  The  various  diameter  bridgewires  were  then  subsecjuently 
tested  for  their  ability  to  effect  detonation  in  PETN.  The 
test  fixture  and  experimental  methods  described  in  reference  1 
were  used  for  observing  the  growth  of  explosion. 

EXPERIMENTAL  RESULTS 

6.  Seven  different  diameters  of  platinum  wire  ranging  in  size 
from  0.0005- to  0.005-inch  were  tested,  in  the  fixture  shown  in 
Figure  2,  to  determine  the  vigor  of  the  wire  explosion.  The 
test  wire,  0.050-inch  long,  was  soldered  to  the  upper  part  of 
the  contact  pins,  suspended  in  air,  and  exploded.  Selected 
photographs  of  the  resulting  explosions  are  shown  in  Figure  3. 
Only  the  upper  portion  of  the  wire  explosion  trace  was  usable 
because  of  the  reflections  from  the  contact  pins  which  set  in 
almost  immediately  in  the  lower  portion. 

7.  The  criterion  for  the  vigcr  of  wire  explosion  was  the  rate 
of  radial  expansion  of  the  shock  wave  and  outer  plasma  surface. 
The  test  results  are  shown  graphically  in  Figure  4  with  each 
curve  representing  the  average  of  three  shots.  The  curves  were 
measured  for  their  observable  period  or  for  a  maximum  of  2 
microseconds.  Previous  data  obtained  with  PETN  loaded  on  the 
wire  at  a  density  of  1  g/cm*  have  shown  that  detonation,  when  it 
occurs,  starts  within  one  microsecond  after  the  time  of  wire 
burst.  The  vigor  of  the  wire  explosion  in  air,  as  measured  by 
the  radial  expansion  from  the  time  of  wire  burst,  shows  an 
optimum  wire  diameter.  From  the  plots  in  Figure  4  it  can  be 
seen  that  the  0.003 -inch  diameter  wire  gives  the  most  vigorous 
output  in  air,  closely  followed  by  the  0.002-  and  0.0015  inch 
diameters . 
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8.  Another  test  series  was  run  because  of  the  closeness  of  the 
results  for  the  O.OOI57  Q.OO27  and  0.003~inch  diameter  wires. 

The  platinum  wire  was  mounted  flush  on  a  plastic  plate.  A 
reflective  mirror  was  not  used  and  only  the  outer  surface  of  the 
plasma  exrjansion  was  observed.  The  same  order  of  vigor  was  noted 
as  shown  in  Figure  s.  Each  curve  represents  the  average  of 
three  shots.  The  rate  of  plasma  expansion  i»  ytcal-v..  far  ;  ^ 
series  than  for  the  suspended  wires.  This  is  expected  since  the 
flush  tounting  limits  the  expansion  region  to  a  180*  arc. 

9.  It  was  also  observed  that  the  time  to  wire  burst  increases 
with  increasing  diameter  and  hence  increasing  mass.  Nash  and 
Olsen®  nave  shown  that  there  is  a  close  to  linear  relationship 
between  the  cross  sectional  area  of  the  wire  and  the  time  to 
burst  at  constant  initial  voltage.  A  close  to  linear  relation¬ 
ship  up  to  the  0.003 -inch  diameter  wire  was  also  observed  in 
our  tests.  However,  a  definite  deviation  was  observed  with  the 
larger  diameters  as  shown  in  Figure  6.  An  examination  of  the 
oscillograms  shows  that  the  0.0005,-  0.001 7  0.001 5 7  and  0.002- 
inc'h  diameter  wires  explode  on  successively  higher  levels  of 
the  first  current  pulse.  The  0.003-inch  diameter  wire  explodes 
just  after  the  first  current  peak.  Figure  7  shows  th*  explosion 
loci  on  an  idealized*  current  pulse.  The  0.004 -inch  diameter 
wire  does  not  receive  enough  energy  to  completely  vaporize 

during  the  first  current  pulse,  nor  is  enough  energy  deposited  by  the 
time  current  ceases  to  flow.  Computations  show  that  enough  energy 
is  delivered  to  vaporize  approximately  70%  of  the  wire  and  bring 
the  remaining  30%  to  the  boiling  point.  With  the  0.005 -inch 
diameter  wire,  the  current  ceases  to  flow  after  three  ^alf  cycles. 

No  shock  wave  is  emitted  and.  the  wire  breaxo  up  into  nacroscopic 
molten  particles  as  evidenced  by  the  photographic  traces. 

10.  If  it  .is  hypothesized  that  the  vigor  of  the  wire  explosion 

is  directly  related  to  the  ability  of  the  wire  to  effect  detonation, 
then  a  0.003-inch  diameter  wire  should  be  optimum  for  the  circuit 
parameters  employed.  The  ability  of  the  wire  to  effect  detonation 
in  an  explosive  should  decrease  as  the  vigor  of  the  wire  explosion 
decreases.  This  was  tested  using  PETN  and  gradually  decreasing 
the  probability  of  detonation  by  increasing  the  loading  density 
of  the  PETN.  A  aeries  of  test  shots  was  run  to  determine  the 
optimum  wire  diameter  for  detonation.  This  method  eliminated 
any  change  in  the  electrical  parameters.  The  results  in  Table  1 
show  some  agreement  l>etween  the  vigor  of  the  wire  explosion  and 
its  ability  to  effect  detonation  in  PETN.  Detonations  could  not 


*This  is  idealized  because  each  diameter  wire  would  produce  a 
trace  somewhat  different  from  the  traces  for  other  diameter  wires. 
This  occurs  because  of  the  differences  in  wire  resistance  and 
minor  change^  m  wire  inductance. 
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be  effected  with  the  0.0005-,-  0.004-,  and  0.005-inch  diameter  wires. 
Detonation  was  effected  by  the  0.001-,  0.0015-/  0.002-,  and  0.003- 
inch  diameter  wires.  The  ordering,  based  on  the  ability  of  the 
wire  to  initiate  the  least  sensitive  PETN,  shows  the  0.002-inch 
diameter  wire  to  be  most  effective  followed  by  the  0.0015-,  0.003-, 
and  0.001-inch  diameter  wires,  in  that  order.  Comparison  of  this 
ordering  with  that  observed  in  air  is  given  below: 

Ordering  of  wi re  Diameter  (inches) 

To  Effect  Detonation  Vigor  of  Exploding  Wires 

_ .in  PETN _  _ _ in  Air _ 


1. 

0.002 

0.003 

2. 

0.0015 

0.002 

3. 

C.003 

0.0015 

4. 

0.001 

0.001 

The  wire  with  the  most  vigorous  output  in  air  is  not  the  best 
for  effecting  detonation  when  surrounded  by  PETb? .  Voltage  and 
current  oscillograms  obtained  on  the  0.003-inch  diameter  wire 
{see  Figure  8)  show  that  the  current  pulse  dropped  off  rapidly 
when  the  wire  exploded  in  contact  with  PETK  as  compared  to  the 
wire  exploded  in  air.  Wires  less  than  0.003 -inch  m  diameter 
retain  the  resurge.  It  appears  that  energy  of  electrical  origin 
in  the  interval  just  after  the  ware  burst  can  be  beneficial  in 
effecting  detonation.  Previously,  it  was  not  known  if  events 
up  to  the  tire**  of  wire  explosion  or  up  to  the  time  detonation 
appeared  (about  one  microsecond  later)  were  important. 

DISCUSSION 

11.  The  existence  of  an  optimum  wire  diameter  can  be  ration¬ 
alized  on  the  basis  that  very  thin  wires  are  poorly  matched  to 
the  firing  circuit.  Thin  wires  explode  in  short  times  using  a 
small  quantity  of  the  available  stored  energy  during  the  interval 
of  importance  (time  to  burst  plus  approximately  one  microsecond) . 
If  the  wire  diameter  is  too  large,  the  wire  will  rot  absorb 
sufficient  energy  to  cause  vapori zation.  This  occurs  even  though 
the  stored  energy  is  sufficient  to  completely  vaporize  the  wire. 

A  comparison  of  energy  deposition  into  the  various  diameter  wires 
is  shown  in  Figure  9.  Energy  deposition  is  more  rapid  initially 
with  the  thinner  wires  ba cause  of  their  higher  initial  resistance. 
Wires  nore  nearly  matched  to  the  circuit  initially  absorb  energy 
at  a  slightly  lower  rate  than  tne  thin  wires  and  then,  as  their 
resistance  increases,  more  rapidly  than  the  thinner  wires.  The 
change  of  wire  resistance  with  time  is  shown  in  Figure  10.  The 
value  of  the  peak  resistance  decreases  with  increasing  wire 
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diameter.  The  larger  wires  absorb  energy  at  a  lower  rate. 

Their  resistance  remains  less  than  that  inherem.  in  the  firing 
circuit  during  the  period  of  greatest  poss ible  energy  deposition 
(first  half  sine  wave  current  pulse).  The  0.004-inch  diameter 
wire  absorbs  sufficient  energy  to  give  a  weak  explosion.  Both 
the  0.004-and  0.005- inch  diameter  wires  receive  insufficient 
energy  to  completely  vaporize  the  wires  and  can  be  classified 
as  "Chace-Class  I”7.  The  0.00b  inch  diameter  wire  appears 
visually  to  break  into  molten  droplets.  This  breaking  occurs 
after  the  cessation  of  current  flow  since  the  average  resistance 
remains  almost  constant  at  0.1  ohm  during  the  period  of  current 
flow. 

12.  Examination  of  energy  deposition  to  time  of  wire  burst, 
energy  deposition  during  the  microsecond  interval  after  burst, 
and  total  energy  deposition  reveals  no  correlation  with  the 
ability  of  the  wire  to  effect  detonation.  See  Figure  11.  Also, 
energy  deposition  in  excess  of  that  required  for  complete 
vaporization  of  the  wire  does  not  correlate.  Energy  density  st 
burst  shows  ar.  optimum  for  the  0.002- inch  diameter  wire  which 
was  found  best  for  effecting  detonation  in  PE''N.  However,  the 
other  diameter  wires  do  not  correlate  with  their  respective 
ability  to  effect  detonation.  See  Figure  12.  Energy  density 

at  "burst  plus  one  microsecond"  shows  that  at  this  time  the 
thinner  the  wire,  the  higher  the  energy  density*. 

13.  The  average  power  and  peak  power  for  the  various  diameter 
wires  was  also  examined.  See  Figure  13.  Average  power  does  not 
correlate  with  the  ability  to  effect  detonation,  but  peak  power 
does  show  a  correlation.  Peak  power  occurs  almost  concurrently 
with  the  peak  voltage  and  may  indicate  the  most  important  period 
of  electrical  energy  deposition.  It  has  already  been  observed 
with  the  0.003-inch  diameter  wire  that  energy  after  burst  can  be 
beneficial,  but  is  not  absolutely  necessary. 

14.  The  shock  wave  emitter  by  the  wire  is  normally  non- lunu nous . 
It  can  be  rendered  visible  fcr  examination  by  techniques  such  as 
developed  by  Bennett.  The  shock  enters  both  the  PETK  crystals 
and  interstitial  air  spaces.  Examination  of  the  air  shock  wave 
generated  by  the  weakest  exploding  wire  (0.001 -inch  diameter)  to 
effect  detonation  reveals  a  ,,*'*locity  of  1860  meters/ second .  This 
is  for  a  flush  mounted  wire  and  is  the  velocity  of  the  air  shock 
almost  immediately  after  it  becomes  distinguishable  from  the 
plasma  at  approximately  0.4  microsecond.  Uainq  an  interpolated 
value  from  data  lv  R.  Becker*  a  shock  pressure  of  0.037  krlobar 
is  calculated. 


•Assuming  all  energy  remains  in  wire  material. 
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15.  To  determine  whether  or  not  compression  by  the  shock  of  air 
trapped  within  the  explosive  could  produce  temperatures  needed 
for  initiation,  the  final  temperature  after  adiabatic  compression 
of  a  '-.rapped  gas  bubble: 


where  ?„ 


P. 


£=1 

y 


final  temperature  in  degrees  absolute 
initial  temperature  in  degrees  absolute 
ini  iax  pressure  in  bubble 
final  pressure  in  bubble 
ratio  of  specific  heats 


was  calculated.  The  calculation  shows  that  a  temperature  of 
550* C  can  occur  in  the  gas  bubble  under  the  experimental  # 

conditions.  This  is  above  thegminimum  temperature  rise  of  450  C 
calculated  by  Bowden  and  Yofffe  as  necessary  for  initiating  to 
occur.  However,  experiments  by  both  Cachia  and  Whitbread  ,  and 
Seay  and  Seely,  Jr.11  indicate  that  interstitial  air  has  no 
effect  on  the  shock  initiation  of  loosely  packed  granular,  PRTfcu 
Cachia  and  Whitbread,  employing  a  gap  test,  found  that  the 
critical  gap  remains  the  same  whether  or  not  interstitial  air  is 
present.  Seay  and  Seely,  using  the  wedge  test,  also  found  that 
the  removal  of  interstitial  air  did  not  affect  initiation.  When 
they  replaced  interstitial  air  in  a  low  density  PETN  with  argon 
(for  high  temperatures)  and  methane  (for  low  temperatures),  it 
was  found  that  the  temperature  of  the  interstitial  gas  had 
nothing  to  do  with  the  mechanism  of  initiation.  Their  experi¬ 
ments  further  showed  that  a  2.5  kilobar  shock  pressure  in  the 
PETN  pressing  was  barely  sufficient  to  initiate  granular  PETN  at 
a  density  of  1.0  g/c«3.  A  shock  wave  of  the  pressure  encountered 
in  the  wire  explosion  is  roughly  two  orders  of  magnitude  lower 
than  the  value  given  by  Seay  and  Seely.  It  thus  appears  that 
the  shock  wave  is  not  the  primary  cause  of  initiation.  It  also 
appears  that  if  the  shock  wave  plays  any  role  in  the  initiation 
it  is  through  the  medium  of  the  PETN  crystals  and  voids  and 
the  interstitial  gas.  The  largely  unknown  possibility  of  shock 
reflections  and  interactions  due  to  interstitial  spaces,  crystal 
imperfections,  and  crystal  voids  preclude  a  definite  conclusion 
on  the  role  of  the  shock  wave  at  this  time. 

16.  It  was  noticed  that  the  best  firing  time  reproducibility  is 
obtained  whan  the  wire  explodes  or.  the  initial  portion  of  the 
current  pulse.  The  length  of  the  block  rectangle  in  Figure  6 
indicates  the  time  spread  for  each  wire  si*e. 
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17.  It  appears  that  the  diameter  of  the  wire  should  be  chosen 
so  as  to  explode  on  that  portion  of  the  current  pulse  best 
suited  to  give  the  desired  effect.  See  Figure  14.  If  time 
reproducibility  is  the  main  consideration,  the  wire  should 
explode  in  region  A  with  enough  of  a  safety  factor  to  insure 
detonation.  If  general  functioning  reliability  is  the  main 
consideration,  region  E  should  be  chosen.  If  maximum  wire 
output  is  desired  (i.e.,  to  break  diaphragms,  etc.),  region  C 
should  be  chosen. 


CONCLUSIONS 

1.  The  diameter  of  an  exploding  wire  can  be  chosen  so  as 
to  favor  time  reproducibility  of  explosion,  reliability  of 
effecting  detonation,  or  vigor  of  th  *  bridgewire  output. 

2.  The  wire  with  the  most  vigorous  output  in  air  is  not 
necessarily  the  most  efficient  for  effecting  detonation  in  PETN, 

3.  Relatively  thin  and  thick  diameter  wires  are  unable  to 
effect  detonation  in  PETN  with  the  fixed  value  firing  circuit 
components  and  voltages  used. 

4.  For  various  diameter  wires  of  constant  length.,  peak 
power  shows  a  correlation  with  the  ability  of  the  wire  to  effect 
detonation . 
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FIG.  7  EXPLOSION  LOCI  OF  VARIOUS  DIAMETER  WIRES  IN  AIR 
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FIG.  II  ENERGY  DEPOSITION 
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FIG. 13  PEAK  AND  AVERAGE  POWER 
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FIG.  14  REGIONS  OF  WIRE  EXPLOSION 


DISTRIBUTION’ 


Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  25,  D.  C.  20360 
DLI-3 
RRRE-5 
RUKE-11 
RUMJt  -  32 
RMMO-5 
RREN-3? 


Director 

Special  Projects  Office 
Department  of  the  Navy 
Washington  25,  D.  C. 

SP-20 

Superintendent 

Naval  Post  Graduate  School 

Monterey,  California 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.  C.  20360 

Commander 

U.  S.  Naval  Ordnance  Test  Station 
China  Lake,  California 
Code  556 

Technical  Library 
Director 

Naval  Research  Laboratory 
Washington  25,  D.  C. 

Technical  Information  Section 


Commander 

U.  S,  Naval  Weapons  Laboratory 
Dahljren,  Virginia 
Technical  Library 
Weapons  Laboratory 
Terminal  Ballistics  Laboratory 
Code  WHR 

Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.  C,  20230 


NOLTR  64-2 


Commanding  Officer  &  Director 
David  Taylor  Model  Basin 
Underwater  Explosion  Research  Department 
Code  780 

Portsmouth,  Virginia 

Commanding  Officer 
U.  S.  Naval  Weapons  Station 
Yorktovn,  Virginia 
R  &  D  Division 

Commanding  Officer 
U.  S.  Naval  Ordnance  Laboratory 
Corona,  California 
Attn:  R.  Hillyer 

Commanding  Officer 
U.  S.  Naval  Propellant  Plant 
Indian  Head,  Maryland 
Technical  Library 

Commanding  Officer 

U<  S.  Naval  Ordnance  Plant 

Macon,  Georgia 

Commanding  Officer- 
Naval  Ammunition  Depot 
Crane,  Indiana 

Corjnanding  Officer 
U.  S.  Naval  Ammunition  Depot 
Navy  Number  Six  Six  (66) 
c/o  Fleet  Post  Office 
San  Francisco,  California 

Quality  Evaluation  Laboratory 

Commanding  Officer 

U.  S.  Naval  Ammunition  Depot 

Concord,  California 

Quality  Evaluation  Laboratory 

Commanding  Officer 

U.  S.  Naval  Underwater  Ordnance  Station 
Newport,  Rhode  Island 

Commanding  Officer 

U.  S.  Naval  Weapons  Evaluation  Facility 
Kirtland  Air  Force  Base 
Albuquerque,  New  Mexico 


NOLTR  64-2 


Commanding  Officer 

U.  S.  Naval  Explosive  Ordnance  Disposal  Facility 
Indian  Head,  Maryland 

Library  Division  1 

Army  Material  Command 
Department  of  the  Army 
Washington  25,  D.  C. 

R  &  D  Division  1 

Commander 

Army  Rocxet  &  Guided  Missile  Agency 


Redstone  Arsenal 
Huntsville,  Alabama 

OPDXR-RH  1 

Commanding  General 
Redstone  Arsenal 
Huntsville,  Alabama 

Technical  Library  1 

Commanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey  07801 

SMUPA-W  1 

MU  PA  -G  1 

SMUPA-V  1 

SMUFA-VL  1 

SMUPA-VE  1 

SMUPA-VC  1 

SMUPA-DD  1 

SMUPA-DR  1 

SMUPA-DR -4  1 

SMUrA-DW  1 

SMUPA-TX  1 

RMUPA-TVv  1 

Commanding  Officer 


Harry  Diamond  Laboratory 
Connecticut  Ave  &  Van  St.,  N.  W. 

Washington  25,  D.  C. 

Ordnance  Development  Lab  1 

M.  Lipnick  (Code  005)  1 

C omma nd i ng  Officer 

Office  of  Ordnance  Research 

Box  CM 

Duke  Station 

Durham,  North  Carolina  1 

Commanding  Officer 

Engineer  Research  A  Development  Laboratory 
U.  S.  Army 

Ft.  Belvoir,  Virginia 

Technical  Intelligence  Branch  i 


3 


NOLTR  64-2 


Commanding  General 
Aberdeen  Proving  Ground 
Aberdeen,  Maryland 

Attn:  ERL  *  1 

Technical  Library  1 

Commanding  General 
Redstone  Arsenal 
Huntsville,  Alabama 

Technical  Library  1 

Commanding  General 
FranXford  Arsenal 
Philadelphia  37,  Pa. 

Library  1 

Chief  of  Staff 
U.  S.  Air  Force 
Washington  25,  D.  C. 

AFORD-AR  1 

Commander 

Wright  Air  Development  Center 

Wright-Patterson  Air  Force  Bc»se,  Ohio  1 

WVAD  2 

APGC (PGTRI ,  Tech.  Lib.) 

Eglin  Air  Force  Base,  Florida  32542  1 

Commanding  General 

Air  F-rce  Systems  Command 

Andrews  Air  Force  Base 

Camp  Springs,  Maryland  1 

Commander 

Air  Force  Cambridge  Research  Center 
L.  G.  Hanscom  Field 

Bedford,  Massachusetts  1 

Director 

Applied  Physics  Laboratory 
Johns  Hopkins  University 
8621  Georgia  Avenue 

Silver  Spring,  Maryland  2 

Atomic  Energy  Commission 
Washington  25,  D.  C. 

DMA  1 


4 


NOLTR  64-2 


Director 

U.  S.  Bureau  of  Mines 
Division  of  Explosive  Technology 
4800  Forbes  Street 
Pittsburgh  13.,  Pennsylvania 
Dr.  R.  W.  VanDolah 

Defense  Documentation  Center 
Cameron  Station 
Alexandria,  Virginia 
TIPCR 

National  Aeronautics  &  Space  Admin. 
Goddard  Space  Flight  Center 
Greenbelt,  Maryland  20771 

Lawrence  Radiation  Laboratory 
University  of  California 
P.  O.  Box  808 
Livermore,  California 

Technical  Information  Division 
Dr.  M.  Wilkins 
Dr.  J.  Kury 

Director 

Los  Alamos  Scientific  Laboratory 
P.  0.  Box  1663 
Los  Alamos,  New  Mexico 
Library 

Sandia  Corporation 
P.  0.  Box  969 
Livermore,  California 

Sandia  Corporation 
P.  0.  Box  5400 

Albuquerque,  New  Mexico  87115 

The  Franklin  Institute 
20th  &  Benjamin  Franklin  Parkway 
Philadelphia  3,  Pennsylvania 
(Mr.  Gunther  Cohn) 

Aerojet-General  Corporation 
Ordnance  Division 

Downey,  California  ,  Attn:  Dr.  H.  Fisher 

Alleghaney  Ballistics  Laboratory 
Cumberland,  Maryland 


1 

10 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


5 


NOLTR  64 


Flare-Northern  Division 
Atlantic  Research  Corporation 
19701  W.  Goodvale  Road 
Saugus,  California 

Atlas  Powder  Company 
Tamaqua,  Pennsylvania 

Flare-Northern  Division 
Atlantic  Research  Corporation 
P.  0.  Box  175 

West  Hanover,  Massachusetts 
Mr,  J.  A.  Smith,  Sec.  Off. 

Berr.ite  Powder  Company 
Saugus,  California 

Attn:  Mr.  L.  LoFiego 

Hercules  Powder  Company 
Port  Ewen,  New  Y  rk 
C .  Wood  ° 

G.  Scherer 

Martin  Company 
815  Elwell  Street 
Orlando,  Florida 
M.  Hedges 

Thiokol  Chemical  Corporation 
Redstone  Arsenal 
Huntsville,  Alabama 

Stanford  Research  Institute 
Poulter  Laboratories 
Menlo  Park,  California 

Thiokol  Chemical  Corporation 
Hunter-Brirtol  Division 
Bristol,  Pennsylvania 

McCormick  Selph  Association 
Hollister  Airport 
Hollister,  California 


NOLTR  64-2 


Librascope  Division 
67 j  Arques  Avenue 
Sunnyvale,  California 
Attn:  Mr.  T.  Parker 

Lockheed  Aircraft  Corporation 
P.0.  Box  504 

Sunnyvale,  California 
Beckman  &  Whitley 

Research  and  Development  Division 
993  San  Carlos  Avenue 
San  Carlos,  California 

General  Laboratory  Associates 
17  E.  Railroad  Street 
Norwich,  N.  Y. 

National  Aeronautics  &  Space  Administration 
Manned  Spacecraft  Center 
Houston,  Texas, 

Attn:  Mr.  W.  H.  Simmons 

r.  H.  Stresau  Laboratory 
Spooner,  Wisconsin 

Special  Devices  Incorporated 
16830  W.  Placerita  Canyon  Road 
Newhall,  California 

Hi-Shear  Corporation 
2600  W.  247th  Street 
Torrance,  California 

Unidvnamics 
Universal  Match  Corp. 

P.0.  Box  2990 
Phoenix,  Arizona 

Atlas  Chemical  Industries,  Inc. 

Valley  Forge  Industrial  Park 
Valley  Forge,  Pennsylvania  (19481) 


w^-rea _ WIRE  Reproducibility  rero 

E***0* _  EFFE  Explosion  EXPS 

Disaster _ HI  AM  Rallsbillty  RELI 


RERO 

EXPS 

RELI 

DETO 

§ 

£ 

BRID 

OUTP 

SHOC 

ELEC 

•H 

a 

i  ° 

*o  a 

£  5 

f  $ 

S  B 
5  & 

•  t 

t  a 

S  & 

l 

H 

£ 

g 

T< 

t 

o 

♦> 

• 

Q 

Output 

Shock 

Elsctricsl 

5 

a 

PENA 

ERYT 

TERA 

NITT 

— 

ts 

3 

CAPA 

i 

Q 

1 

£ 

Erythrltol 

c 

* 

c 

+» 

32 

Platinum 

3 

3  I 

srt  * 

af 

'  i 

